The disappearance of total N, non-protein-N and amino acid-N after washing, rumen incubation and intestinal passage of sugarbeet pulp, maize-gluten feed, maize feed meal, palm kernel meal, soyabean hulls, soyabean meal, grass silage, maize silage and concentrate was measured in four dairy cows using nylon-bag techniques. Disappearance of amino acid-N after washing varied between feedstuff's from 14 to 69 % of feed amino acid-N, and was lower than disappearance of nonprotein-N. For sugarbeet pulp, grass silage and maize silage, washing had a considerable effect on the amino acid profile. Disappearance of amino acid-N after rumen incubation was also lower than non-protein-N and varied between feedstuff's from 25 to 73% of feed amino acid-N. Rumen incubation had only a small effect on the amino acid profile of the residue after washing. Disappearance of amino acid-N in the intestine varied between feedstuffs from 70 to 99 % of rumen undegraded amino acid-N, and was higher than the disappearance of non-protein-N. Intestinal incubation showed a considerable effect on the amino acid profile for all feedstuffs. It was concluded that protein that was assumed to escape rumen degradation and was absorbable in the intestine was higher in amino acids and methionine, and lower in non-amino acid-N and glutamic acid and proline compared with protein in the feedstuff.
The effect of rumen fermentation and small intestine digestion on the amino acid profile of feed protein can be studied using the rumen nylon-bag and mobile nylon-bag techniques (van Straalen et al. 1993) . With these techniques dietary ingredients are generally incubated separately. Murphy & Kennelly (1987) and Stallings et al. (1991) showed that rumen degradation of protein in a concentrate or complete diet mixture could be predicted from the degradation of the ingredients of the concentrate or diet, but for intestinal digestion this was never tested.
The objective of the present study was to determine the effect of washing, rumen incubation and intestinal incubation on the amino acid profile of feedstuffs using nylon-bag techniques, in order to predict the supply of individual amino acids to the animal from rumen undegraded feed. Also, a comparison was made between measured residues after washing, rumen incubation and intestinal incubation of amino acids of a concentrate, and the estimated values from the ingredients of the concentrate.
MATERIALS AND METHODS

Experimental animals
Four dairy cows (Holstein-Friesian) were used, of which three were lactating and one was non-lactating. All animals were fitted with a permanent rumen cannula (Bar Diamond Inc., Pharma, ID, USA) and a T-piece cannula in the distal duodenum. Animals were housed in a tie-stall and fed twice daily (08.00 and 20.00 hours) on an equal portion of the daily allowance according to energy and protein requirements. The three lactating cows were fed on a diet consisting of (g/kg DM): maize silage 170, grass silage 230, concentrates 600. The dry cow received a mixture of (g/kg DM): grass silage 600, maize silage 400; with 1 kg concentrates.
Samples
Ten feedstuffs were obtained from a parallel feeding experiment: one concentrate, six concentrate ingredients and two roughages. The concentrate contained the following ingredients (g/kg) sugarbeet pulp (BP) 155, maize-gluten feed (MGF) 300, maize feed meal (MFM) 108, palm kernel expeller (PKE) 125, soyabean hulls (SBH) 50, soyabean meal (SBM) 148. The concentrate also contained (g/kg): palm kernels 10, molasses 80, minerals 24. Roughages were grass silage (GS) and maize silage (MS). Samples of concentrate ingredients were obtained from the feed factory before pelleting of the concentrate. Samples from the concentrate, grass silage and maize silage were taken during the feeding experiment. Concentrate ingredients and the concentrate were ground to pass a 3 mm screen. Roughages were chopped in a laboratory cutter to pieces of approximately 10 mm, and kept at -20°. A portion of each of the samples was dried at 70°, ground to pass a 1 mm sieve and used for chemical analysis.
Rumen and intestinal incubations
Nylon-bag incubations in rumen and intestine were carried out according to the procedures of van Straalen et al. (1993) . Samples of each feedstuff corresponding to 5g DM were weighed into nylon bags (90 x 180 mm, polyamide, pore size 41 urn, porosity 30%; Nybolt, Zurich, Switzerland). For each feedstuff eight bags were incubated for 12 h in the rumen of each cow. The length of the incubation time was chosen to have close agreement between the residue after 12 h incubation and the expected effective escape fraction, based on rumen degradation characteristics of the same feedstuffs (van Straalen, unpublished results), and calculated according to 0rskov & McDonald (1979) with a passage rate of 6 % per h (van Straalen et al. 1993) . After incubation, bags were rinsed under tap-water and subsequently washed in a domestic washing machine (using 60 litres water at 15°w ithout spinning). An extra four bags for each feedstuff were not incubated in the rumen and only washed to determine the soluble fractions. Residues were lyophilized, pooled for each animal and feedstuff, and ground to pass a 3 mm screen. A portion of each of the residues was further ground (1 mm) and used for chemical analysis.
To determine intestinal digestion, nylon bags (30 x 60 mm, the same material as the rumen bags) were filled with 0-5 g rumen residue DM. Pepsin {EC 3.4.23.1)-HC1 incubation (1 g pepsin; Merck, Darmstadt, Germany; 2000 FIP units g, in 1 litre 0-1 M-HC1) was carried out for 1 h at 37° immediately before intestinal incubation. Bags were introduced into the duodenum (every 20min) via the T-piece cannula (four bags three times hourly) and recovered from the faeces. Recovered bags were rinsed under tap-water and stored at -20° until all bags had been retrieved. Bags were washed in a domestic washing machine, using 100 litres water at 40° with spinning. This procedure was more intensive than the washing procedure of rumen nylon bags because with the latter method not all washable material may have been removed from the bags (van Straalen, unpublished results). Residues were dried at 70°, pooled for each animal and feedstuff, and ground to pass a 1 mm sieve.
Laboratory analysis
Feedstuff samples and residues after washing, rumen incubation and intestinal incubation were analysed for DM, ash and Kjeldahl N according to the standard procedures used at IWO-DLO (Steg et al. 1990 ). Residues after washing, rumen incubation and intestinal incubation were pooled for each feedstuff before analysis of amino acids. A single amino acid analysis was carried out according to the Proposed Official Method for Determination of Amino Acids in Animal Feed European Commission 1977 , as described by Van Vuuren et al. (1992) . Threonine, serine, valine and isoleucine contents were corrected for incomplete recovery of amino acids after hydrolysis (Slump, 1969) . Non-protein-N (NPN) was calculated as total N minus amino acid-N (AAN). The AAN was further separated into essential AAN (EAAN) and non-essential AAN (NEAAN). Feedstuffs were further analysed for crude fat, starch (Steg et al. 1990 ), neutral-detergent fibre (NDF), aciddetergent fibre (ADF) and acid-detergent-insoluble N (ADIN; Robertson & Van Soest, 1981) . Apparent digestibility of organic matter was determined in vitro using rumen fluid followed by pepsin-HC1 incubation according to Steg et al. (1990) .
Comparison of measured and estimated disappearance ofN in concentrate
The measured disappearance of the concentrate (Cm) after washing, rumen incubation and intestinal incubation was compared with the value estimated from the disappearance of the ingredients of the concentrate and their respective contents (Ce). Disappearance of palm kernel, molasses, and minerals and vitamins were based on tabulated and assumed values.
Statistical analysis
Differences between feedstuffs in rumen and intestinal disappearance of DM and total N were tested using ANOVA, with feedstuffs as a factor. Differences between feedstuffs for individual AAN disappearances could not be tested, because samples obtained from four cows had been pooled per feedstuff before analysis of AAN, resulting in only one observation per amino acid and per feedstuff.
For the comparison of the amino acid profile of the protein in the feedstuff, residue after washing, rumen incubation and intestinal incubation, the method of Guilloteau et al. (1986) was used. In this method the similarity between two amino acid profiles is expressed as the distance in x 2 '-*=17 distance in * 2 = 17 x £ (AAN,* -AAN,*) 2 /((AAN,* + AAN,*)/2).
In this equation AAN,* and AAN,* are the respective percentages of N in amino acid k in total AAN of proteins i and j (feedstuff, residue after washing, rumen incubation and intestinal incubation). The same procedure was used to compare the measured and estimated amino acid profiles of the concentrate. A higher distance in # 2 corresponds with a larger difference between the amino acid profiles of the two proteins. Statistical calculations were carried out using the Genstat software (Genstat 5 Committee, 1987) .
RESULTS
Composition of feedstuff's
The chemical composition and composition of total N of samples is given in Table 1 and  Table 2 respectively. Total N content in the samples varied between 12-6 g/kg DM for MS and 82-2 g/kg DM for SBM. The content of ADIN in total N varied from 15 g/kg for SBM to 173 g/kg for PKE. The lowest contribution of AAN to total N was observed for BP (59%) and the highest for SBM (84%). The percentage of EAAN in AAN varied between 45 (MS) and 60 (PKE).
Compared with the other feedstuffs, BP had a relatively high content of glutamic acid-N, and a low content of arginine-N. PKE had very high proportion of arginine-N in total AAN. Within each class of feedstuffs, amino acid profiles were similar (MGF and MFM; SBH and SBM). Exceptions were the higher glycine-N and lower glutamic acid-N and arginine-N contents of SBH compared with those of SBM. The lysine-N and arginine-N contents of MS were low, and those of alanine-N and leucine-N high compared with values for the other feedstuffs. Except for the higher NPN content, the composition of Cm was almost identical to that of Ce (Tables 1 and 2 ).
Disappearance after washing
Disappearance after washing varied between 17% for SBH and 45% for Cm (Table 3 ). The disappearance of N varied between feedstuffs from 11 % for SBM to 78 % for MS. For all feedstuffs (except SBM) there was a higher disappearance of NPN after washing than that of AAN. For BP and GS the value for EAAN was considerably lower than that for NEAAN.
The distance in # 2 indicated a large difference in the amino acid profile of the feedstuff and residue after washing for BP, GS and MS (Table 4) . This was mainly due to glutamic acid in BP, proline in GS and arginine in MS (Table 3) . For the other feedstuffs washing had only a minor effect on the amino acid profile. In general, for threonine and cysteine the levels of disappearance after washing were relatively low, and for proline and histidine they were relatively high. Of the first limiting amino acids, there was a relatively low disappearance of methionine for most feedstuffs while that of lysine was variable. The levels of disappearance after washing for N, NPN and AAN of Ce were lower than that for Cm (Table 3 ). The estimated amino acid profile of the residue was comparable with that of the measured profile; the distance in # 2 was 4.
Disappearance after rumen incubation
Values for the disappearance of DM and N after 12 h of rumen incubation for each feedstuff are given in Table 5 . There were significant differences between levels of disappearance for both DM and N between feedstuffs. The lowest level of DM disappearance was observed for PKE (39 %) and the highest for BP (78 %). For N the level of disappearance varied from 24% for PKE to 76% for GS. For PKE the disappearance of AAN was higher than that of NPN; for MGF, MFM and SBH the differences were small, and for the remaining feedstuffs the disappearance of AAN was lower than that of NPN. For BP, PKE, GS, MS and Cm, NEAAN was degraded further in the rumen than EAAN, while differences were small for the other feedstuffs. Tables 1 and 2 . JNo. of replicates 4; SED: DM 2-4, N 3-3 (excluded Ce).
The amino acid profiles of the residues after rumen incubation were different from those of the original feed for BP, GS and MS, but comparable to those after washing, as indicated by the distance in y 2 (Table 4 ). In general, glutamic acid showed high levels of disappearance (Table 5) . For arginine the levels of disappearance were relatively low for BP and MS, but relatively high for MGF, MFM and SBM. Of the first limiting amino acids, for all feedstuffs, especially PKE, methionine was relatively undegradable, while the residual lysine was relatively high in PKE and MS.
For Ce the levels of disappearance of total N, NPN and AAN in the rumen were lower than those for Cm (Table 5 ), but the amino acid profiles of the rumen residues were comparable (distance in y 2 : 2).
Intestinal disappearance
The disappearance of DM and N, expressed as a percentage of the rumen residue, differed significantly between feedstuffs and varied from 20 % for MS to 88 % for SBM and from 64 % for MS and SBH to 99 % in SBM, respectively (Table 6 ). The disappearance of NPN varied between 38 % for SBH and 97 % for SBM, and for all feedstuffs was lower than that of AAN, which varied between 70 % for SBH and 99 % for SBM. EAAN had a higher level of disappearance in the intestine than NEAAN.
Judged by the distance in y 2 , intestinal incubation of rumen residues resulted in a considerable change in amino acid profile (Table 4) . This difference was highest for MS, SBM, MGF and BP. For most feedstuffs arginine had a relatively high level of disappearance, and glycine and cysteine a relatively low level of disappearance, compared with other amino acids ( Table 6 ). The disappearance of methionine was relatively high in MFM and PKE, while lysine disappearance was relatively low in MGF, MFM and SBH. In MS an extremely low level of histidine disappearance was observed.
The intestinal levels of disappearance of the different components of total N for Ce were lower than those for Cm, but the amino acid profiles were similar (Table 6 ; distance in y 2 was 25).
DISCUSSION
Feedstuff composition
The NPN values for concentrate ingredients were generally higher than those given in the Dutch Feedstuff Table ( Centraal Veevoederbureau, 1991) . Only part of this difference could be attributed to tryptophan, which was not determined in our experiment. There were no differences in EAAN:NEAAN and the profile of individual amino acids between tabulated values and values measured in our experiment. For BP only there was a lower NPN, higher glutamic acid-N and lower aspartic acid-N content than that given by the Centraal Veevoederbureau (1991) . The NPN content in BP increases with the inclusion of molasses. The N in molasses consists of about 70 % NPN and 30 % AAN, which is mainly aspartic acid-N and glutamic acid-N (Centraal Veevoederbureau 1991). The level of inclusion of molasses in the BP in our experiment was not known, but based on NDF content it was comparable with the quality of BP with the highest sugar content and, thus, highest inclusion of molasses. The AA profile of GS observed in our experiment differed from that published by Rooke et al. (1984) and Syrjala-Qvist et al. (1984 a,b) . The total and individual EAAN in MS was lower than observed by Le Henaff et al. (1988) . One can speculate that these differences may be due to differences in the contents of different types of protein, related to species, fertilization and maturity. Tables 1 and 2 . JNo. of replicates 4; SED: DM 3-8, N 2-4 (excluded Ce).
in the intestine of DM, nitrogen (N), non-protein-N (NPN), amino acid-N (AAN), essential AAN (EAAN), non-essential AAN (NEAAN) and N in individual amino
Solubility
For BP only there was a large difference in the soluble N fraction when comparing our values with those of van Straalen & Tamminga (1990) . This difference can be explained by the high level of molasses included. For all feedstuffs (except SBM), NPN was relatively more soluble than AAN. Furthermore, MacGregor et al. (1978) observed a higher solubility of NPN in a modified Burroughs mineral buffer compared with AAN for a large range of feedstuffs. Depending on the feedstuff, NPN consists of NO 3 , NH 3 , purine, RNA and DNA, which are relatively soluble or easily degradable in the rumen (Greife, 1984; Tamminga, 1986) . There was a positive relationship between the NPN content and the soluble N (SN) fraction: SN (g/kg N)= -7 6 + 1-74 x NPN (g/kg N) (r 2 0-74; n 9). In addition to NPN, some of the AAN was also washed out of the nylon bags. The solubility of total AAN in BP was higher than that observed by MacGregor et al. (1978) , who also reported a higher solubility for glutamic acid compared with the other amino acids. The high solubility of glutamic acid in BP can be explained by the difference in amino acid profile and solubility between BP and added molasses, as discussed previously. For MFM and SBM the solubilities of total AAN were comparable with those of MacGregor et al. (1978) , but those for individual AAN were different.
Rumen degradation
For most feedstuffs the residual N after 12 h rumen incubation was comparable with the effectively-fermented fraction calculation from degradation characteristics in the rumen (W.M. van Straalen, unpublished results) and an assumed passage rate of 6 % per h (%; BP 73, MGF 70, MFM 63, PKE 45, SBH 57, SBM 56, GS 78, MS 78, Cm 67). These values were also similar to the effective escaped N given by Centraal Veevoederbureau (1991) . For PKE a higher value was observed; this could be due to the relatively long lag-time before the onset of the degradation, resulting in a large residue after 12 h incubation time in the present experiment. (A. Steg, unpublished results).
The further disappearance of N after rumen incubation (Table 5 ) when compared with that after washing (Table 3 ) varied between feedstuffs. For MS no extra disappearance was measured (-4%), while for SBM another 48% disappeared after rumen incubation. For NPN this variation ranged from -4 0 % for MFM to 74 % in SBM, and for AAN, 2 % for MS and 45 % for SBH. From the higher distance in % 2 between the feedstuff and residue after washing, compared with that for the residue after washing and rumen incubation, it can be concluded that depending on the feedstuff the amino acid profile is more influenced by washing than by rumen degradation. This agrees with the conclusion of MacGregor et al. (1978) that the amino acid profile of the insoluble residue can be regarded as more representative of that of escaped protein than that of the feedstuff.
In our study methionine in SBM was relatively undegradable compared with other amino acids, which is in agreement with results obtained by Crooker et al. (1987) , Le Henaff et al. (1988) and Mir et al. (1984) , but contrasts with those of Susmel et al. (1989) . Relatively high degradability of arginine and glutamic acid in SBM was also reported by Crooker et al. (1986 Crooker et al. ( ,1987 . According to the literature, tyrosine in SBM was relatively undegradable (Ganev et al. 1979; Hennessy et al. 1983; Varvikko et al. 1983) , and histidine relatively degradable (Varvikko et al. 1983; Mir et al. 1984) ; we were unable to confirm these observations in our experiment. Also, our finding that methionine in GS was relatively undegradable disagreed with the findings of Rooke et al. (1984) , although the low degradation of proline was similar. Degradation of individual amino acids in MS was in line with the findings of Le Henaff et al. (1988) .
Changes in the amino acid profile after rumen fermentation were mainly observed with BP and MS (Table 4 ). Since the total N content of BP and MS is low, microbial contamination of rumen residues can have a large effect on the amino acid profile of the residues. The high residues of lysine and arginine in both BP and MS are an indication that these residues contained microbial protein, which has a relatively high content of those amino acids (Rooke et al. 1984) . Diaminopimelic acid (DAPA) was used to estimate microbial contamination. However, the DAPA content of both feedstuffs and residues was generally below the detection level of 0-50 g/kg DM, and if it was higher a large variation was observed. The DAPA content, therefore, was assumed to be unsuited for the estimation of microbial contamination. An attempt was made to estimate microbial contamination according to van Bruchem et al. (1985) , by means of comparison of amino acid profiles of the feed, microbial protein (Rooke et al. 1984) and rumen residue. The method of van Bruchem et al. (1985) incorrectly assumes that the amino acid profile of feed does not change during rumen incubation and, therefore, the amino acid profile of the insoluble residue was used instead of that of the feed. Values for estimated microbial contamination were (%): 27, 0, 10, 4, 0, 5, 12, 36 and 0 of total AAN for BP, MGF, MFM, PKE, SBH, SBM, GS, MS and Cm respectively. Estimated values for contamination agreed with those observed for concentrate ingredients (Crooker et al. 1986 (Crooker et al. , 1987 but were lower than those reported for roughages (Nocek & Grant, 1985; Messman et al. 1992) . If the amino acid profile of the feed was used, estimated contamination values for all feedstuffs were higher, especially for BP, GS and MS (78, 53 and 58 % respectively) . The latter feedstuffs also showed high differences between the amino acid profile of the feedstuff and residue after washing. This indicates the importance of using the amino acid profile of the insoluble residue rather than that of the feed. It was concluded that microbial contamination cannot be neglected, at least for BP, GS and MS.
In addition to the differences in solubility and microbial contamination, changes in the amino acid profile after rumen incubation can also be caused by the difference in degradation rates between individual amino acids. Messman et al. (1992) observed only small differences between individual amino acid degradation rates with bromegrass (Bromis inermis) hay, while with grass silage, Rooke et al. (1984) found consistent differences in degradation rates between individual amino acids. Differences in the degradation rates of individual amino acids might be dependent on the content of the different protein classes (albumin, globulin etc.) in the feedstuff and their respective physical properties (solubility, structure) and amino acid composition (Messman et al. 1992) .
Intestinal disappearance
Because mobile nylon bags were recovered from the faeces, the disappearance of N is the sum of its disappearance in the small intestine and large intestine. Although the latter was not measured in our experiment, other studies indicate that large-intestine fermentation has only a limited effect on total intestinal disappearance, both in nylon bag (Hvelplund, 1985; Voigt et al. 1985) and in in vivo experiments (van Straalen & Tamminga, 1990) .
Total N disappearance from mobile nylon bags containing concentrate ingredients were similar to the digestibility coefficients in the small intestine given by Centraal Veevoederbureau (1991) . The disappearance of total AAN in the intestine was higher than that of total N and showed a close relationship: disappearance of AAN (g/g) = 0-18 + 0-82 x disappearance of total N (g/g; r 2 0-98; n 9). With this equation data from grass silage and hay from Varvikko & Vanhatalo (1991) showed a reasonable fit (r 2 between predicted and measured disappearance of AAN was 0-77). If this relationship is valid also for other feedstuffs, it can be used to predict the AAN disappearance from total N disappearance in mobile nylon bags.
The disappearance of NPN was generally lower than the intestinal digestibility of nucleic acids mentioned by Greife (1984) . This finding indicates that NPN in rumenundegraded N is mainly linked to components that are indigestible in the intestine. Combined with the observations for NPN disappearance in the rumen, this leads to the conclusion that NPN in feedstuffs consists of two fractions: one that is highly soluble in the rumen, and one that is linked to cell walls and is indigestible. Furthermore, Hof et al. (1990) observed a decrease of NPN in rumen residues with short incubation periods and an increase with long incubation periods. The ADIN content as a measure of indigestible N was proposed by Robertson & Van Soest (1981) . However, the relationships between the indigestible N or indigestible NPN measured with mobile nylon bags and the ADIN content were poor (Fig. 1) . Webster et al. (1984) proposed the estimation of small intestinal digestibility of total N (dUN) from ADIN and undegraded dietary N (UDN): dUN = 0-9 x (UDN -ADIN)/UDN. This approach was adopted in the metabolizable protein system (Agricultural and Food Research Council, 1992) . There was no relationship between dUN calculated for feedstuffs in our experiment (from Tables 2 and 5 ) and the disappearance of total N from nylon bags in the intestine (Table 6 ; r 2 019). For most samples the disappearance of N from nylon bags was higher than dUN (except for SBH and MS). Using mobile-nylon-bag data will, therefore, result in a higher predicted supply of absorbable feed N compared with the approach of Webster et al. (1984) . This conclusion confirms the comparison of these methods that can be carried out using data from other feedstuffs as presented by Agricultural and Food Research Council (1992) .
For all feedstuffs intestinal incubation had a considerable effect on the amino acid profile. For most feedstuffs this could be explained by the relatively high disappearance of arginine and low disappearance of glycine. Thus, these amino acids accounted for the difference between the intestinal disappearance of EAAN and NEAAN. The high disappearance of arginine could be the result of the action of trypsin {EC 3.4.21.4), which is an endopeptidase that hydrolyses only lysine and arginine-bonds (Stryer, 1988) . Le Henaff et al. (1988) , however, did not find a higher arginine disappearance in the intestine. The theory also does not explain the variable disappearances obtained for lysine. The low disappearance of glycine might be an indication of contamination with endogenous protein which has a high glycine content (Laplace et al. 1985) .
Predicted supply of absorbable feed amino acids to the animal
From the disappearance of AAN, in terms of the individual amino acids, from nylon bags in the rumen (Table 4) and intestine (Table 6) , the supply to the animal of AAN in terms of the individual amino acids in the feed that are absorbed in the small intestine can be predicted. It was assumed that the residue after rumen incubation was representative of the escape fraction and all AAN that disappeared from the mobile nylon bags was absorbed in the small intestine. The predicted supply of AAN (expressed as a percentage of AAN in the feed) varied between feedstuffs from 21 to 67 % and for all feedstuffs was higher than the supply of NPN (7-57 %). The predicted supply of EAAN (25-69 %) was higher than that of NEAAN (17-64%). The predicted supply of methionine was higher than values for other amino acids for all feedstuffs but CS. For BP, GS and CS lysine had the second highest supply. Also, isoleucine, leucine, tyrosine and arginine had a high supply for several feedstuffs. Of the EAAN, histidine snowed the lowest supply for MGF, MFM and CS. For most feedstuffs the supply of glutamic acid and proline was the lowest of the NEAAN. Also, other NEAAN showed poor supply compared with EAAN.
Measured and estimated AAN fermentation and digestion of concentrate
No explanation can be found for the higher AAN content of Ce compared with that of Cm. The lower disappearance after rumen incubation of all N fractions of Ce compared with those of Cm was mainly due to the lower soluble N fraction. A reason for this can be the treatment (grinding, mixing and pelleting) of concentrate ingredients during the manufacturing process of the concentrate, which might have reduced particle sizes, resulting in a higher disappearance of N from nylon bags in the washing machine. Results are in contrast to those of Murphy & Kennelly (1987) , who observed similar measured and estimated protein degradation in the rumen: this can be explained by the absence of pelleting of concentrate mixtures. In contrast to the rumen residues, intestinal disappearance of all N fractions in the concentrate could be estimated from the values obtained with ingredients. Since the rumen residues were higher, the estimated absorption of AAN in terms of the individual amino acid were higher than the measured values. The amino acid profile of undegraded AAN or small intestine-digestible AAN in concentrates could be estimated very well from that of the individual concentrate ingredients.
Conclusions
Although differences between feedstuffs do exist, it can be concluded that AAN was less degradable in the rumen than NPN, and that EAAN was less degradable than NEAAN. Dependent on the feedstuff, rumen incubation has a pronounced effect on the amino acid profile, which was mainly due to the difference in solubility of the amino acids. Intestinal incubation resulted in a considerable change in the amino acid profile of the indigestible residue. It can be concluded that feed protein that is assumed to be absorbed from the small intestine is higher in EAAN, especially methionine-N and lysine-N, and lower in NEAAN, especially glutamine-N and proline-N, than protein in the feedstuff.
